Abstract Innovation is a strategic challenge for high-tech companies and as such, justifies large investments in R&D. After exploring the limits of the underlying postulates of the organizational management of innovation (the necessary specialisation of researchers, the possibility of human discontinuity of innovation and possibility of controlling researchers), the objective of this paper is to show that the relationship between managers and researchers is characterised by asymmetric information (Laffont , J. J. (1985) . Economie de l'incertain et de l'information, Economica.) to the benefit of the researchers. This asymmetry supposes the setting up of management practices which incite researchers to optimise the company's interests, but this can only be done to at the expense of management control. In R&D activities, the informational asymmetry in agency relationship can be overcome by incentive managerial practices (Jensen, M. C., & Meckling, W. H. (1976) Theory of the firm: managerial behavior, agency cost, and ownership structure. Journal of Financial Economics, 3(4), 305-360.). The relationship between the manager (principal) and the researcher (agent), can be resolved by setting up the practice of strategic spin-off. This practice which enables a researcher to create a company based on work that he himself has carried out within the R&D department of his ''mother'' company, constitutes both an economic incentive (through the status of shareholder) and a symbolic one (through the status of entrepreneur). The incentive is strong for the researcher both to reveal his information and to obtain financial value from his research. Implementing this incentive contract means putting into place certain managerial and organisational practices designed to accompany the researcher-entrepreneur: (training, incubator, venture-capital structure etc.). The practice of strategic spin-off is beginning to emerge in high tech enterprises. This is why we have chosen to make an in-depth case study of the French company most involved in strategic spin-off, namely France Telecom.
JEL Classifications O32 Á O31 Á L28

Introduction
Innovation is a source of competitive advantage and growth for companies in the high technology sector (Porter 1986; David 1997) . Large companies in this sector invest enormous amounts in R&D to generate innovation. Thus in 2005, IBM invested 4.5 billion euros in R&D, Hewlett Packard invested 2.9 billion euros, Microsoft, 5.5 billion, Intel, 4.3 billion, Cisco Systems 2.8 billion, Nokia, 3.9 billion, Siemens, 5.1 billion and Alcatel, 1.7 billion. 1 The managerial challenge remains how to convert these R&D investments into innovations which will encourage the growth and competitiveness of the company. Traditionally, practice has stressed organisational choices which give a great deal of autonomy to research teams by grouping them into R&D departments within a functional structure (Lawrence and Lorsh 1973) . However, this organisational strategy does not automatically generate innovation. IBM's R&D investments did not enable it to become competitive on the micro-computer market either in terms of hardware or software. Similarly, Bell Labs did not enable Lucent Technologies to penetrate the market of Internet dedicated telecom equipment (whose market is dominated by Cisco Systems). As Burgelman et al. (1996) point out, over 70% of the sums dedicated to conceiving, developing and marketing new products never result in profit.
If traditional organisational strategy does not result in profit from investments, then as Bloch and Manceau (2000, p 2-3) suggest, it seems apt to question the process which leads from the idea to the market, and to look more closely at the managerial and organisational factors resulting in successful innovation. How does the nature of the contract between the company and the researchers it employs encourage or otherwise the materialisation of marketable technologies? Which organisational environment is the most favourable for the emergence of innovations? How can focalising on the practices of human resources management applied to R&D (remuneration, training, career management, evaluation etc.) encourage the effectiveness of innovation strategies?
Since the works of Burns and Stalker (1961) heralded innovation management, the idea of optimising R&D in management science resulted essentially in making organisational structures more sophisticated. This enabled research to be integrated with other functions of the company (marketing, production, sales etc.) in order to generate innovation. From a theoretical point of view, we have adopted an alternative stance towards a strictly organisational response to innovation management. We postulate that beyond purely organisational choices, the practices of human resource management are determinant in obtaining value from research (Martell and Carroll 1995) . This postulate puts the management of the researchers' motivation at the centre of R&D management.
Since Schumpeter (1942) , several theoreticians, notably Baumol (2002) have seen the entrepreneur and his motivation to innovate, as the essential element of the innovation dynamic in a market economy. From this perspective, our research mobilizes the conceptual framework of incentive theory, coupled with the problematic of agency theory (Jensen and Meckling 1976) to explore the researcher's motivation to generate marketable technologies. This theoretical framework raises the managerial problematic resulting from information asymmetry (Laffont 1985; Hart and Holmstrom 1987) between the manager (principal) and the expert (agent). It enables us to look again at the challenges of R&D management and ask how management practices can create environments within organisations which encourage innovating behaviour in a situation of information asymmetry. Several researchers have analysed managerial practices in the light of agency theory, notably in terms of remuneration within high tech companies (Wiseman and Gomez-Mejia 1998; Shaw et al. 2001) .
Rationally speaking, the company has the incentive to innovate in order to improve its competitive advantage and encourage growth (Porter 1986 ). However, it is the researcher employed by the firm who innovates more than the firm itself. Research is an activity intense in human capital and knowledge (50% of R&D budgets are spent on personnel costs -Guellec 1999, p. 12) . For this reason, we hypothesise that a strictly organisational response is not sufficient to convert R&D investments into innovations. These investments and organisational choices are necessary elements, but they are not sufficient in themselves. What is more, the organisational management of R&D is underpinned by a wish to control the researchers' activity (Konrad and Pfeffer 1990) . This results in erroneous definitions of management indicators and in behaviour which is counter-productive if we consider that the ultimate purpose of R&D investments is to encourage marketable innovations.
If we are to understand the challenge of R&D, we must step away from the purely organisational level of management and start considering the human level, that of the management of individuals. We must ask what incentives the firm offers its researchers to generate innovations (Diaz and Gomez-Mejia 1997) . It is from this point of view that strategic spin-off offers an interesting avenue of exploration. However, this practice remains an emerging managerial innovation. Thus in France, only eight companies grouped together in the DIESE 2 association, practice strategic spin-off, and only France Telecom, with about fifteen spin-off companies, has any real experience of this practice in the domain of high technologies. This is why the methodology chosen was an in-depth case study carried out with France Telecom (Chandler 1962; Yin 1989) . The collection of empirical data consisted of systematically gathering information relative to France Telecom's fifteen spin-offs, and by semi-directive interviews with the head of the spinoff programme, four entrepreneurs who had spin-off companies from France Telecom and a venture capitalist from Innovacom, a venture capital company linked to France Telecom.
In the first part of this paper, we shall examine the organisational responses traditionally brought to the management of innovation in order to appreciate their limitations in terms of structure and incentive. In the second part, starting with agency theory (Jensen and Meckling 1976) , we shall show that the relationship between managers and researchers is characterised by information asymmetry in favour of the researchers. This agency issue could be resolved by the practice of strategic spin-off used as an incentive contract to favour the convergence of interests between the researchers and the company. We shall also show that an incentive contract is a necessary, but insufficient element, and that specific managerial and organisational arrangements are necessary if strategic spin-off is to become an alternative mode of obtaining value from research. We shall illustrate our conceptual framework with the strategic spin-off experience of France Telecom.
2 Limits of traditional management of innovation 2.1 Limits of the postulate of the possible scientific management of researchers Since Taylor (1911) and Fayol (1916) , the firm's efficiency supposes a certain amount of specialisation within departments which constitute poles of expertise. Through a system of rules, the organisation of work ensures co-ordination and co-operation between these specialised functions (production, marketing, finance etc.) With this in mind, companies created R&D departments which were separate from the rest of the structure. This was so that researchers could remain focalised on problems specific to their research and improve their scientific expertise (Lawrence and Lorsh 1973) . The development, industrialisation and marketing of innovation were confided to other departments specialised in complementary domains of competence (production, marketing, sales etc.) Recent academic works in management analyse the paradoxes of this organisational management of innovation which isolates the researchers from the rest of the company. This organisational isolation of experts is counter productive in as much as innovation results from communication between the different entities of the company and the interdisciplinary nature of the teams involved. Problems which have been brought to light include difficulties of co-ordination between the R&D department and the marketing department (Jinhong et al. 1998) , divergences between technological strategy and R&D (Burgelman et al. 1996) , the specific cultures of R&D departments (Broustail and Fréry 1993) and power games between R&D departments and other entities in the company (Alter 1996) . All these instances hinder innovation.
The wish to overcome these contradictions and find a remedy to the inefficiency of traditional organisational choices led to increasingly sophisticated structural company configurations. The objective was to find a configuration which was more efficient in terms of decisional reactivity and adjustment to the various different phases, (each with its respective priorities) of the innovation life cycle: research, development, marketing, finance, industrialisation and sales. This was the objective of the organic structure (Burns and Stalker 1961) , the adhocratie (Mintzberg 1982) , the project structure (Midler 1993) , the isolate, (Broustail and Fréry 1993) dual structures, quasi-structures and semi-structures (Autier 2000) . These structural responses to the lack of productivity of R& D investments have in common that they reconfigure the organisation of innovation management in a bid to improve the interactions of researchers with the other players in the innovation process. They do not really question the specialisation of researchers on a specific phase of the life cycle of the innovation.
The organisational approach is based on the implicit hypothesis that the researcher has neither the capacity nor the competence to focus at the same time on his research and on the market. This postulate gains by being questioned in order to develop new managerial practices. An alternative position is to accept that researchers might also be entrepreneurs and what determines a scientist's ability to carry out an innovation project is less linked to his competences, than to the incentive offered by his economic environment (Ferrary 2003) . For example, in the physics, computer or engineering departments of American universities world famous for the excellence of their fundamental research, (like MIT or Stanford,) many researchers, (sometimes almost all of them), have created companies while still carrying out top class fundamental research. This demonstrates that it is indeed possible for the same person to pass successfully from one domain to the other. Shockley, Nobel Physics prize and Stanford Professor gave birth to the semi-conductor industry, similarly, John Hennessy, the current president of the university, world famous researcher in computers and engineering, created MIPS, a company quoted on the stock market. Similarly, the founders of Cisco Systems were computer scientists from the University of Stanford who had developed a router for the university before creating the company. The founders of Yahoo and Google were doctoral students at Stanford when they created their companies.
The example of these researchers shows that the challenge of creating a company for researchers is less a problem of their capacity or their competence to set up and run a startup. What is more crucial is their incentive to do so. The postulate that it is necessary to specialise researchers on the initial phase of an innovation appears to be one which should be questioned in order to open new perspectives to the human resources management of scientists.
2.2 Limits of the postulate of the possible human discontinuity of the innovation life cycle
The efficiency of research is principally measured by the number of publications and patents applied for. On the other hand, no information was given as to the impact of these patents on the growth of the company's turnover. This implies acceptance of the supposition that fundamental research automatically results in patents being applied for and that these patents will automatically result in marketable innovations. Now, these cause and effect relationships are far from being demonstrated. Thus a study by the French Ministry of Research shows that the world share of scientific papers coming from French laboratories has progressed by 16% in twelve years (from 4.3% to 5.1%). On the other hand, between 1987 and 1996, the French share in the system of European patents went down by 17% (from 8.5% to 7%). If one considers publications as an indicator of fundamental research, the ministry's conclusions seem to indicate an inverse relationship between the two dimensions. What is more, the relationship between a patent and its economic value is not systematic. As Guellec (1999, p. 22) underlines, patents are of highly unequal value, going from several billions of euros for some (Polaroid, PCR) to zero for many which are not exploited (half of the patents are in this category). The weak rate of conversion from fundamental research to marketable innovation results from the compartmentalisation of the innovation process. In traditional management of innovation, the innovator is dispossessed of his scientific discovery which is taken over by other actors in the organisation who intervene in later stages in the innovation's life cycle. The specialisation of players involved in the life cycle of the innovation supposes the possibility of perfect transfer of the innovation between independent units (research, development, industrialisation, marketing and sales) notwithstanding the actors who actually generated the innovation. In this perspective, organisational continuity is presumed to be sufficient in as much as it is supposed to allow for human discontinuity in the innovation's life cycle.
This compartmentalisation of the innovation process takes no account of tacit knowledge (Nonaka 1994 ) which being non-transferable and non-codifiable, makes human continuity a necessary element for an efficient innovation life cycle. It is not enough to read the text of a patent to be able immediately to set up the invention described. The whole extent of the invention is not laid down in the patent, and this is particularly true of tacit aspects such as the inventor's personal know-how which is certainly not included.
Limits of the postulate that researchers' activities can be controlled
The compartmentalisation of the innovation life cycle also aims to facilitate the control of individual performance. Individual productivity can be controlled either through checking on production times, which is made possible by the compartmentalisation of work (this was notably the aim of Taylorian scientific management-Taylor 1911), or by checking results through management by objectives (Drucker 1954) .
The organisation of scientists' work is part of this control culture. The challenges of competitiveness and the investments accorded lead companies to try to evaluate the contribution of R&D with regard to competitive advantage (Wheelright and Clark 1992) . This accent on the controllability results in large industrial companies expressing the performance of their R&D laboratories not by their contribution to company growth, but by the number of publications, patents or software authored. Because they want to evaluate the activity of researchers, company directors use management indicators which do not necessarily encourage the generation of marketable innovations which would enable research to show economic value. This compartmentalisation of work in order to facilitate the evaluation and control of individuals is counter-productive in the area of R&D because it can contribute to the development of individualistic behaviour and hinders collective cooperation (Gomez-Mejia et al. 1990) . What is more, by focalising on publications and patents, the company generates a culture less oriented towards innovation of new products and more oriented towards fundamental research. A case in point is Bell Labs which, to prove the excellence of its research, gives the names of the Nobel prize-winners among its researchers, and cites academic journals where Bell researchers have published.
The intrinsic uncertainty of R&D limits the possibilities of measuring its contribution to company growth (Roussel 1991) . Putting an innovation on the market is the result of a multitude of inter-individual interactions which makes it difficult to evaluate the exact contribution of each one. Kerssens-Van Drongelen and Bilderbeek (1999) show through a study conducted with 225 R&D managers that on an individual level, there is in practice no measurement of the impact of a researcher's work on the increase in number of sales, the profits generated, market share due to R&D activities, and no measurement of the impact of the researcher's activities on client satisfaction or on the number of successful launches of new products. Individual evaluations which are quantifiable have to do with respecting deadlines (65%), respecting budgets (10%) and number of patents (5%). For the rest, the researcher is evaluated on qualitative factors such as behaviour in group (70%) or creativity (25%).
In this context, the control culture is difficult to implement, because a researcher can always argue that his fundamental research will bear fruit in the future when it can be applied to a market which may not exist at the present time; this legitimizes his fundamental research from an economic point of view. The researcher is an expert in Crozier's sense of the term (Crozier and Friedberg 1977, p. 84) , that is, he is the only one to dispose of the know-how, knowledge and experience of context which enable him to resolve certain problems crucial for the organisation. The researcher possesses an expertise which the manager does not possess; his behaviour is a source of uncertainty, and therefore of power. The final, precise and measurable objective of the research process is not known exante, and the data which needs to be incorporated is discovered little by little (Autier 2000, p. 239) . In an uncertain environment, it is useless to write contracts which specify particular behaviour when it is impossible to observe the behaviour of individuals and thus impossible to oblige them to respect the terms of such a contract. The intrinsic impossibility of controlling researchers should therefore lead from a management by control towards a management by incentive (Konrad and Pfeffer 1990) .
Traditional R&D management as a disincentive contract for researchers
If the aim of a researcher in industry is to produce marketable innovations, the company has to offer him an incentive contract which takes account of the fact that he is not controllable and which recognises his participation in the innovation process. The success of the process leading from fundamental research, through applied research to the development of new products depends on the incentive offered to researchers to contribute to this process. Bowon and Heungshik (2002) have shown how researchers, like other employees, are sensitive to the alignment between the reward system and the objectives they are assigned. A successful innovation results from a complex process involving actors from different entities (research, design, production, marketing, finance, etc). However, it is very difficult to precisely measure the specific contribution of a particular researcher to the commercial success of an innovation (Aghion and Tirole 1994) . Therefore it is not easy for a company to index the remuneration of a researcher's contribution to a successful innovation (Roussel 1991; Kerssens-Van Drongelen and Bilderbeek 1999; Clark 2002) . Roger (1991, p. 105) stresses that researchers who work in industrial laboratories are sometimes torn between a ''professional'' orientation centred on their job and peer recognition and an ''organisational'' orientation centred on their company, its norms and objectives. In the first case, they will emphasise fundamental research which results in conferences presentations, publications in academic journals and scientific rewards. In the second case they tend to produce applied research which can result in marketable innovations. The orientation of researchers is reinforced by their attitude toward risk. A fundamental scientist could be more risk adverse and less attracted by an entrepreneurial venture than an applied scientist.
The economic interest of the company is to encourage researchers to opt for the second type of behaviour so that investment in human resources and laboratories is converted into innovations with economic value. The managerial issue is to design an incentive system that encourages entrepreneurial behaviour by rewarding it and that changes the risk aversion attitude of scientists (Holt and Laury 2002) .
The traditional organisation of scientific human resources does not incite the researcher to create potential value linked to his innovation. On the symbolic level, the researcher is dispossessed of his project which is taken over by other entities within the organisation. On the economic level, the company will keep for itself the value created if the product is developed and marketed, leaving little or nothing for the researcher at its origin. This weak reward leads researchers either to disengage from applied research within the company, or to leave the company and create their own firm where, as shareholders, they will be sure of financial reward in case of success (Gomez-Meijia et al. 1990) .
Traditional management of R&D teams which measures performance by numbers of publications and patents results in two types of researcher behaviour. Firstly a focalisation on fundamental research to obtain symbolic recognition of work from peers. For the same salary, a researcher is better off devoting himself to fundamental than applied research, because at least he will gain status within his scientific community. Secondly, this system encourages entrepreneurial researchers to leave the company in order to gain economic value from their research by creating a company. This will enable them to benefit from the economic return which their work has contributed to. In this case, researchers use the company as an entrepreneurial ''air lock'' which enables them to conceive their project before going on to create it outside.
In both cases, the original company fails to benefit from its investments in R&D. Managerial theories insist on the necessity of rewarding effort either economically or symbolically (Anthony et al. 1996; Baron and Kreps 1999) . The traditional organisation of R&D obliges researchers to specialise on just one or on very few phases of the innovation life cycle. It also emphasises a control culture. Clearly such organisation does not constitute an environment which incites researchers to produce marketable innovations. Given the limits of the traditional approach to R&D organisation, strategic spin-off appears to be an original managerial alternative.
3 Strategic spin-off as an alternative mode of traditional R&D management
The conceptual framework of analysis of strategic spin-off practices
The critical analysis of organisational management of R&D points to two managerial challenges for obtaining economic returns from investments in R&D. Firstly, it is necessary to offer the researcher-entrepreneur an incentive contract which takes account of the situation of information asymmetry between the managers and the researchers in the R&D department. Secondly, it is necessary to ensure human continuity in the life cycle of the innovation. On these questions, a parallel can be established with issues of university technology transfer and the efficiency of technology transfer offices (Matkin 1990; Bercovitz et al. 2001; Siegel et al. 2001) .
Strategic spin-off is a response to both of these managerial challenges. Spin-off results in the creation of a new entity by an employee who therefore leaves the company, while being helped by his former employer; Chesbrough (2003) . Spin-off enables the entrepreneur not only to benefit from an efficient system of accompaniment in the form of help and support supplied by the parent company; it also allows for a motivating system of remuneration. What is more, for the parent company, it is an original way to get value from R&D investments and also provides a new opportunity for development: spin-off firms, being small and more reactive can support the parent firm's future projects; the parent firm may thus seek partnerships with spin-offs it helped to found.
Spin-off is an incentive contract in a managerial situation of information asymmetry
Information is asymmetrical when certain agents benefit from information unavailable to others (Laffont 1985) In the principal/agent model, the principal is not informed, whereas the agent has access to information about certain variables (such as his own actions or characteristics of the environment) (Jensen and Meckling 1976) . The problem of motivation arises when the satisfaction of the principal depends on information hidden by the agent. The principal proposes contracts which are designed to make the agent reveal his information or ''do the right thing''. A contract is simply an engagement on the part of the principal concerning the reward of the agent, and a disclosing contract is defined as a contract which always incites the agent to announce to the principal the true value of his private information. In order for the agent to accept the contract proposed by the principal, his interest should lie in fulfilling it, that is, the terms of the contract must reward him at least as well as any other source.
In R&D activities, the productive effort made by researchers cannot be accurately observed by the employer (Griliches 1986; Aghion and Tirole 1994) . There is information asymmetry between researchers and their employers and this cannot be reduced by organisational choices or by controls. Researchers' productivity is thus not directly controllable by the company (Lazear 2000) . In these conditions, the employer's problem is to incite researchers to make sufficient effort. Within the framework of the agency theory, the behaviour of the industrial researcher is a moral hazard inasmuch as everything depends on his willingness to really work in the interests of the company. In fact, the problems of moral hazard appear when an agent (in this case, the researcher) is tempted to undertake an inefficient action or to provide inexact information (which results in others acting inefficiently), because his individual interests are incompatible with collective interests and because neither the information given nor the actions undertaken can be controlled (Milgrom and Roberts 1997, p. 226) The managerial problematic is to set up a system of compensation which is motivating on both the financial and the symbolic levels (Benabou and Tirole 2003) . Such a system should incite researchers to optimise the interests of the company taking account of the specific characteristics of scientific human resources (Shaw et al. 2001) .
Strategic spin-off enables researcher-entrepreneurs to benefit from both types of reward. Firstly, it constitutes a financial contract which is motivating in the situation of information asymmetry, because it organises a sharing of value created by the economic success of research in the researcher's favour. Since the researcher is a shareholder in the spin-off set up to develop his innovation, he can hope for personal gain through dividends or added value in capital in case of stock market flotation or acquisition by a large company. This hope of gain incites the researcher to reveal information. The innovator's shareholding in the structure supporting the innovation is the most suitable mode of remuneration when the financial resources of the entity are weak. This mode will also contribute to motivation since in the development phase, the company has insufficient turnover to offer competitive salaries on the labour market (Balkin and Gomez-Mejia 1984) .
In addition, spin-off constitutes a contract which is both symbolically and psychologically motivating, because it enables the researcher to identify with his project and to be identified with it through his social and professional milieu. As Corley and Gioia (2004) note, with reference to Maslow's needs theory, this double identification provides satisfaction of both needs for social recognition, and personal fulfillment.
Strategic Spin-off breaks with traditional postulates of managing researchers. It enables the latter to be involved in running the start-ups which develop the innovation resulting from their own scientific research. Apart from the fact that this enables a researcher to follow through the innovation life cycle, it also replaces a management by control with management by incentive because the researcher, as shareholder, has an interest in the commercial success of his innovation (Muhlemeyer 1992) .
In France, one demonstration of researchers' behavior being determined by the incentive contract of their economic environment can be seen in the consequences of the Law on Public Innovation and Research of July 1999. Up until that date, researchers working as civil servant in state laboratories, (notably those employed by the CNRS and university laboratories) were forbidden by their status to undertake activities in the private sector.
If they wanted to create a company, become shareholders in a young company or belong to a company board, they had to resign from public service and to give up their privileges as civil servants (life long tenure, regular promotion, 35 h workload per week,...). This was obviously a strong disincentive to any entrepreneurial behavior. The law of 1999 on innovation and research allowed researchers employed by the State to participate in private companies as associates or as director, to contribute to the capital of a private company and to bring their scientific contribution to a young company or even to be members of the board or of technical watch committees. In other words, the new law enabled scientists to obtain financial value from their expertise by becoming involved in private companies while maintaining their civil servant status. The law has reduced and changed the riskreward calculation of government-employed researchers who consider of being involved in an entrepreneurial venture.
Between July 1999 and December 2001, 187 people from state funded research asked to participate in projects of company creation according to the various cases covered by the law. A total of 168 of these were given the green light by the commission of deontology, to participate as associates or directors of private companies created to obtain value from research which they had undertaken as public officials. A total of 88 of these were engaged for a renewable period of five years to contribute their scientific competence and/or to participate in up to 15% of the capital of the company; 14 more were engaged as board members or technical watch committees of private companies. These figures correspond to 118 company projects of which 102 were effectively created at the end of December 2001; the rest were created at a later date, and one went bankrupt (Ministry of Innovation 2002).
The timing of creation of companies by researchers from public research institutions demonstrates the incentive effect of the law. Before this law, the number of private companies created by government-employed researchers was very low. According to Ministry of Innovation, there were only 4 companies created by government-employed researchers before 1997. The figure remains 4 for 1997 and 1998 (an annual average of 2 companies per year). During the first six months of 1999 this figure rises to 6, rising to 11 for the second half of 1999 (17 over the whole year, which is 8.5 times as many as in 1998). In 2000 the number of these creations reaches 45, (22.5 times as many as in 1998) and 32 in 2001. These government-employed researchers within public institutions effectively became entrepreneurs without any change occurring in the structure of their respective organizations; it was the change in the incentive system which offered them new opportunities. Before the law, a government-employed researcher had to give up his status to become a private entrepreneur or be involved in a new private company. With the new law, he can legally maintain his civil servant status during his involvement in a start-up. The increase of entrepreneurs coming public laboratories illustrates the influence of an incentive system on the entrepreneurial behavior of scientists.
Strategic spin-off guarantees the human continuity of the innovation life cycle
Recent works on the management of innovation (Christensen and Raynor 2003) insist on the necessity of involving researchers in the decision-making processes inherent to the innovation life cycle. There are two advantages to granting a spin-off project to the researchers who originated the innovation. The first is to guarantee the human continuity of the life cycle, because the researcher sees his innovation through to the sales and marketing phase. This in turn encourages the transfer and evolution of linked scientific knowledge. It also enables the technology to be better adapted to market needs.
The second advantage of spin-off is to encourage greater autonomy resulting in higher reactivity and creativity. Whether it be in the pre-spin-off or entrepreneurial phase, the researcher-entrepreneur is freed from the weight of procedures and formalities of decisionmaking inherent to big companies. As Christensen and Raynor (2003) underline, a high level of individual autonomy and weak organisational control are recommended in the initial phases of innovation because these encourage individual creativity (Souder 1974) . Working environments whose norms promote risk taking, autonomy and outside competition are thought to be favourable to creativity (Amabile 1983) .
The managerial and organisational arrangements necessary for accompanying strategic spin-off
Although promoting entrepreneurship among researchers is necessary, it is certainly not in itself sufficient. The success of a spin-off will also depend on the quality of the human, technological, industrial and financial resources at the entrepreneur's disposal in the creation and development phases of his company. In this matter, the parent company has a crucial role to play if a strategic spin-off is to succeed in the incubation and hatching phases of the company. The researcher needs the parent firm for several reasons. First, often the parent firm owns intellectual property rights linked to the innovation, and the entrepreneur needs the transfer of these rights. Second, the parent firm can be the first client that brings credibility to the start-up and sustains its development. Managerial practices. A company embarking on a policy of strategic spin-off to ensure the value of its R&D has to set up managerial practices to accompany the entrepreneur. In the incubation phase, the emphasis is on coaching the entrepreneur in order to be sure of his motivation, on advising him how to formalise his project, on training him in company creation and on defining a scenario for his career notably on how he might reintegrate the company if the spin-off project should fail.
Once the company has been spun-off, management practices aim to maintain the social links between the entrepreneur and the parent company in order to encourage transfers of technology and industrial partnerships. If the spin-off becomes significant, the parent company can also encourage spun-off companies to share their experience.
Organisational devices. In the incubation phase, the parent company can create an incubator as an organisational facility for spin-offs. An incubator allows resources to be mobilised for the spin-off process (premises, consulting, experts and coaches etc.) The incubator also allows would-be entrepreneurs to escape from the weight of the parent company's hierarchy, and gives them the opportunity to share experience. Finally, an incubator is a kind of entrepreneurial airlock which allows the researcher-entrepreneur to make a gradual transition from the company to an independent activity.
In the hatching phase, the parent company may create a venture capital entity by contributing capital which will serve to finance spin-offs and accompany their development. Over and above the capital which they bring to the company, venture capitalists also have a wealth of experience in company development accumulated through their investments; this experience is shared with the entrepreneurs they finance (Ferrary 2003) . For many years R&D had been organised along traditional lines. From 1998, the wish to increase the ''productivity'' of its R&D department lead France Telecom to explore the avenue of strategic spin-off, in order to make its R&D department into a site of value creation.
Many changes were made to facilitate spin-off in order to maximise the value of research. The first change was a cultural one: it was essential that the company directors accept that innovations initiated within the company laboratories, could be developed outside by the company's own employees, and that this should not be seen as a loss, or even worse as a betrayal. This cultural change is an important step, for traditionally, companies internalise the innovation life cycle, especially for strategic reasons of protecting confidentiality (Burgelman et al. 1996) . By clearly announcing to its employees its active support for strategic spin-off, and by creating the managerial conditions to enable this to be set up, France Telecom demonstrated a cultural breakthrough in its conception of the innovation life cycle. The result of this spin-off policy was that France Telecom was able to improve the image of the entrepreneurial mentality amongst its employees, and this in turn contributed to changing the culture of the organisation.
In 1999, France Telecom fixed objectives to create over ten start-ups per spin-off. A Spinoff Mission, which depended on the Human Resources Department, was created in order to detect potential young companies within France Telecom and to communicate about the conditions and contributions offered by the company in favour of company creation.
Strategic spin-off enabled France Telecom employees to create their own companies, to market services, products or technological innovations conceived within entities of the parent company (research laboratories, sales outlets or subsidiaries), but which France Telecom did not wish to develop internally. As Eric Pillevesse, founder of HighDeal and former France telecom R&D researcher puts it:
''We got the idea of spin-off when the business units told us that they were unwilling to acquire internally the technology we had developed.'' Similarly, Thierry Georges, founder of Algety Telecom explains:
''The idea of setting up my own company dates from a time before France Telecom's spin-off policy. At that time, it was simply unimaginable to externalise an activity based on the research programme (optical components) which I was working on with my team. If spin-off had not existed, France Telecom would probably have sold the technology to a constructor such as Pirelli or Alcatel. By choosing the spin-off option, the company made sure it would get a better return on investment.'' From France Telecom's point of view, strategic spin-off aims at getting economic value out of technologies developed by its research laboratories when these are not linked to the company's core business.
In 2002 France Telecom's spin-off policy is not limited to authorising its researchers to create companies based on technologies developed within its laboratories. The company also puts into practice specific human resources management measures to help researchers to take part in a spin-off policy which is strategic for the company. This consists firstly of managing human resources so as to encourage and help researchers to take entrepreneurial risks, and secondly by providing accompaniment facilities with the informational, financial and commercial resources necessary for the development of the creator's project.
3.2.1 Human resource management practices which help and encourage researchers to take entrepreneurial risks during the incubation phase
Incentive through personal reward. Experts in remuneration systems insist on the monetary and non-monetary dimensions which should characterise reward systems (Baron and Kreps 1999) . Strategic spin-off offers a potential of high financial gain to researcher-entrepreneurs, because besides their salary within the parent company, researchers can also obtain financial gain from their status as shareholder of the company they have contributed to create. The status of entrepreneur also offers symbolic but important reward in the form of social recognition, especially when the economic press publicises entrepreneurs in its articles. Finally, researcher-entrepreneurs possess a high degree of autonomy of decision and action as directors of companies which are independent from the bureaucratic structure of France Telecom. This autonomy constitutes an important factor of motivation. ). This is professional training specially directed towards France Telecom employees who have never before experienced training in entrepreneurship. The course teaches economics, marketing strategy, accounting methods and finance. A specific module ''funding and marketing of start-ups'' was created to strengthen the processes of venture capital negotiation and valuation of companies.
Enrolment at the Ecole des Entrepreneurs is conditional upon having formalised a project idea which is approved by the directors of France Telecom. The training enables the would-be entrepreneur to prepare his project in-depth and prepare a business plan. Each session of the Ecole des Entrepreneurs lasts 20-25 days over four or five months (about two days every fortnight) and a diploma is awarded at the end of the course. Other training courses might be taken into account, depending on the creator's profile, his track record and the specific needs of his company's domain of activity.
Career management. Creating a company is a risk for the entrepreneur (possibility of failure, difficulty of re-employment etc). A large company can reduce this risk by adopting an appropriate career management programme suited to strategic spin-off. Thus France Telecom allows researchers to take time during their working hours to work on the organisation of their project for six months to a year before the creation of the company in question. During this period, the employee remains a full time employee of France Telecom.
Once the company has been created, the researcher-entrepreneur is granted the possibility of returning to France Telecom, especially if the creation fails. This return is at the same position and with the same salary. Contracted researchers can return to the company within three years, and permanent employees up to eight years. This possibility of returning to the parent company constitutes a real incitement to risk being a spin-off entrepreneur.
A psychological cost due to an entrepreneurial failure can be considered. However, it can be assumed that this cost is more bearable if the entrepreneur gets a job socially valuable instead of being unemployed.
Accompaniment resources necessary in the hatching phase
Spin-off Mission: helping researchers in the creation phase. The Spin-off Mission's role is to help researchers formulate their projects and to draw up a business plan to validate the team, the market and the technology of the project. To do this, the mission makes use of internal experts and spends up to 60,000 euros on outside experts (market studies, consulting, legal help etc.) The spin-off Commission's role is also to help researchers get their project accepted by France Telecom Management. The Commission also checks that the creation project is not in competition with the activities of the parent company. When a start-up project at the pre-industrialisation stage is based on a technological innovation, the question of technological transfer is examined by the Spin-off Commission. The relevant business units of France Telecom are consulted, and can refuse the spin-off of the technology.
The next role of the Spin-off Commission is to help the creator during the whole construction phase of his project, until its actual setting up inside the company created. Incubation is a necessary forerunner to company creation. It enables a company creation project to be built up confidentially from an innovation which may still be on the drawing board, or even still a concept. France Telecom has not created an incubator in the form of a precise geographical place which serves as a nursery to start-ups arising from within the parent company. Instead, the company has chosen to get entrepreneurs and consultants together at opportune moments in the teams' workplaces.
The incubation phase lasts under six months. At the end of this period, either the company is created, or the project abandoned. In the first case, the incubation phase ends with the arrival of venture capitalists and seed funding. France Telecom also grants bank loan contracts to set up initial capital.
Innovacom: a venture capital company to finance and develop companies created by researcher-entrepreneurs. If no France Telecom director opposes the technology transfer, the company creation project is generally transmitted to Innovacom. Innovacom is a French venture capital company specialised in the telecommunications and information technologies sector. The company finances innovating companies' owners' equity either at their creation or in their start-up phase. Innovacom is the venture capital subsidiary owned 100% by France Telecom. The company manages five funds: Innovacom I (50% of the fund was financed by France Télécom), Innovacom II, Innovacom III (50 million euros 35% of which were contributed par France Télécom), Innovacom IV (200 million euros, 15% of which were contributed par France Télécom) et Technocom Ventures Innovacom's strategy is never to hold more than 40% of a company's capital. Investments for first rounds of financing are between 100,000 and 700,000 euros, which can reach 2 million euros in subsequent rounds. Innovacom wants to be an active shareholder. This means that its representatives are on the board of companies where it has invested, and that entrepreneurs benefit from the experience these have acquired through financing other companies. The venture capitalist organises cross fertilization between the companies in its portfolio, and helps the latter to recruit employees with managerial skills.
Since 1998, Innovacom has been a kick starter for France Telecom to set up its spin-off policy. The company is a privileged source of financing for company creators from France Telecom. A third of Innovacom's investment volume has to be carried out in spin-off projects coming From France Telecom. Innovacom has invested in eleven of France Telecom's fifteen spin-offs (Algéty Telecom, Envivio, HighDeal, HighWave Optical Technologies, Mob'Active, Netcelo, Netcentrex, TNI-Valiosys, Telisma, Waidan et Wokup !).
As Denis Champenois, Director of Innovacom mentions:
''We are a true partner of France Telecom's business development. Our aim is that in the 24 months following their financing, our investments obtain commercial contracts or industrial partnerships with France Telecom. We have privileged agreements with France Telecom's laboratories. We are therefore the first to look at how companies coming out of these structures are financed. But even if France Telecom is a technical or commercial partner, it doesn't always want to acquire the start-ups afterwards.''
The Social embeddedness of researcher-entrepreneurs. An important factor in the success of a company creation is the quality of the social embededdness of entrepreneurs in relevant socio-economic networks (Ferrary 2003) . France Telecom organises the social embeddedness of its spin-off entrepreneurs through the « Club des Entrepreneurs de France Télécom » which enables different spin-off entrepreneurs to meet up regularly to exchange ideas or opportunities of industrial or commercial partnerships. In 1999 France Télécom also encouraged the creation of the « Cercle des Business Angels ». This association is a group of about 30 entrepreneurs some of whom are from France Telecom's spin-off programme, who have enjoyed support from Innovacom for the past 12 years. These entrepreneurs wish to invest and share their experience with young entrepreneurs. Besides this, they constitute a real network of partners for company creators. With Innovacom's encouragement, the members of the Cercle intervene during the incubation phase, and participate in the industrial preparation of the project. When the company has been created, these members may invest and take charge of part of its management, in the role of board members, or one-off consultants. They thus bring the researcher-entrepreneurs certain necessary managerial skills. France Te´le´com: the first client of reference. As Chesbrough (2003) notes, the major contribution of spin-off for young creators lies in the « visiting card » from their former employer which gets them accepted on a market. France Telecom fulfils this role of industrial godfather for its spin-offs.
At least six spin-off companies admit to having France telecom as client. Thus France Telecom is a client of Netcentrex which provides centrex services for IP real time networks for voice and data. France Telecom is a client of High Wave Optical Technologies, a company which manufactures optical components based on network technology. Similarly, Algéty Télécom sells its high debit long distance transmission solutions to France Telecom. For its EthopMinitel service, which adapts internet sites to the Minitel support, France Telecom uses two softwares: Flirt and Wokup Server. Wokup server is a software developed by Wokup. France Telecom is also a client of Netcelo which offers security services for VPN on internet from cryptographic terminals associated to telecoms networks (modems, RNIS, xDSL, cable etc.) Finally, Orange, subsidiary of France Telecom, is a client of Qositel through using its software tools and support services to optimise quality on mobile networks. 
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From France Telecom's viewpoint, strategic spin-off also seems to be an efficient way to reap economic value from R&D investments which are not directly linked to its core business. The financial outcome of this strategy (obtaining value from R&D investments through strategic spin-off) is more difficult to evaluate, both in terms of costs generated and in terms of potential gains. All of the 15 spin-off companies mentioned in this article still exist, and two are quoted on the stock exchange: High Wave Optical and Algéty Telcom-Corvis 6 .
Conclusion
The conversion of R&D investments into marketable innovations is a central issue in RD management. The case of France Telecom suggests that a strategic spin-off policy is an efficient way to obtain value from RD investments. This alternative policy focuses more on designing an incentive system for researchers instead of a control system. Scientific human resources management based on a strategic spin-off policy encourages and helps scientists to create their own companies, resulting in economic returns on investments in R&D. This method harnesses the advantages of the big company with the start-up resources of reactivity and incentive.
Strategic spin-off supposes first of all a cognitive breakthrough with the founding postulates of organisational management of R&D. This breakthrough means managing scientific human resources in such a way as to recognise the existence of information asymmetry. This in turn necessitates not only defining an incentive contract for researchers but also providing the managerial and organisational facilities necessary for its successful implementation.
The France Telecom case points out the necessity of designing a new organizational environment (Spin-off Mission, Incubator, Corporate venture capital firm, training and consulting support and new decision process) to implement a strategic spin-off policy.
The France Telecom example represents an alternative practice in management of researchers. However, strategic spin-off policy can not be established as a panacea in R&D management. First, as mentioned in the introduction, this practice is relatively new and still emerging. A recent administrative report (Husson 2004) points out that only eight French companies have implemented a strategic spin-off policy and that France Telecom is the most advanced among them. Second, the implementation of this policy supposes that several barriers have been overcome. The parent firm has to accept the departure of researchers and the transfer of technologies. Designing an incentive system that takes account of the corporate culture and of the researcher's risk aversion can be complex.
As an emerging practice, strategic spin-off policy can be a promising research topic in management in order to evaluate its diffusion and sustainability in R&D management.
